THE name of Moniz will always be associated with cerebral angiography. He introduced the method in 1927 and by October 1931 had performed 302 arteriographies, using 25 % sodium iodide as a contrast substance. After this he started using thorotrast which is painless and does not produce arterial spasms, but none the less has certain disadvantages. Some Germans, notably L6hr and Riechert, took up the work, but in Britain and America it was little used in the nineteen-thirties. Tn Scandinavia it was used to some extent, but was subsidiary to pneumography. Thus for many years there were two schools, one following Moniz and the other following Dandy's discoveries of pneumography, and the two schools were poles apart, each regarding its method as the better in the diagnosis of intracranial lesions. Then in 1944 a virtual revolution occurred. The Norwegians, Engeset and his co-workers, developed the percutaneous method and placed it on a routine footing. Furthermore they established the value and safety of the iodine-containing contrast medium, diodone, which was already being used in U.S.A. for open surgical arteriography. The Norwegians were not the first to use the percutaneous method. In 1927 Moniz tried four-times unsuccessfully and so resorted to the open method. In 1936 Loman and Myerson in the U.S.A. described the method but it never became a routine.
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For any investigation in medicine to become routine it must be safe and relatively simple and have the patient's co-operation. This could never really be said about open arteriography. Naturally no patient willingly submits to an operation which is not therapeutic. Besides this many patients, particularly women, do not like wearing a scar on their neck for the rest of their lives. The pioneer work of the Norwegians, quickly followed by the Swedes, Lindgren and Wickbom, has firmly established the percutaneous method and put it on an equal footing in radiology with, let us say, intravenous pyelography.
Those who are not intimately acquainted with this investigation will have certain questions in their minds, the answers to which I will attempt to give.
Safety.-The dangers are very small and compare favourably with ventriculography and encephalography. Out of some 500 odd cases I have experienced, three patients have died within two days, but arteriography was not proved to be the cause in any of them. The first was a man with a large frontal astrocytoma. Having been quite co-operative and punctured under local anusthesia, he went into coma rapidly about two and a half hours after arteriography and died the next day without regaining consciousness. Dr. J. G. Greenfield could find nothing at autopsy related to the arteriography. The most striking feature was the considerable coning of the uncus. This man had a large inoperable tumour and his uncus would have coned through the tentorium ultimately, but it seemed more than a coincidence that it happened two and a half hours after the arteriography. A paper published by Broman and Olsson (1948) may explain the cause. The second case was an elderly subcomatose woman with high papilloedema and mental changes. There were no localizing signs and we thought she might have a large frontal or possibly cerebellar tumour. As she was unable to co-operate I decided to perform the angiography under general anmsthesia. She received some basal narcosis as well, and was not a very good colour under anesthesia. Arteriography showed a wideswept anterior cerebral artery situated in the mid-line, thus suggesting a posterior fossa lesion. She never recovered consciousness and died the next day. An autopsy was refused. Death might have been due to the arteriography; it might have been the anesthetic; it was probably a combination of the two. In the third case the patient had a fatal hlmorrhage into a tumour two days after angiography.
Again nothing relevant was found at autopsy. One patient developed an aphasia and partial monoplegia which began to recover the next day, and after a few days, recovery was complete.
Occasionally a slight pyrexia is seen for two or three days associated with a very sore neck. This is probably due to some saline or contrast substance or both having entered the carotid sheath and to the small haematoma which sometimes develops. This can occur when the lumen of the needle is not perfectly in situ in the vessel. As one becomes more skilled in the technique of puncture this complication is unlikely to occur in any but the most difficult cases. Generally speaking the method causes no worries or unpleasantness to the patient or operator. f have never seen a hamorrhage from the artery sufficient to cause worry. About one minute's digital pressure after removing the needle is all that is necessary. I often ask patients whom they dislike more, me or the dentist. Some say one, some say the other, but a better test is that very few patients need any persuading to return to have the other side injected or for a repeat arteriography after treatment. ff everything is explained to them beforehand they take it very well.
Sensitivity to the drug diodonel.-This can be a great problem and worry or no problem at all, depending on the radiologist's approach. Intravenous pyelography, where the same drug is employed, is carried out daily at nearly every hospital and tens of thousands of such examinations are made annually, nearly always without sensitivity tests. Severe reactions and deaths are almost unknown. Should one therefore test the patient's sensitivity ? If the test were certain and foolproof one would say "yes", but there is evidence to suggest that a small dose given intravenously or intra-arterially can cause no ill-effects, while very, very rarely a large (normal) dose will cause a severe reaction or even death. For this reason I say it is a very difficult problem, or no problem at all.
Premedication and anasthesia.-In my view it is very desirable that the patient should be conscious. He will nearly always co-operate well, keeping still while the pictures are being taken. He can assist the operator by describing his sensations and he can say if he is not feeling well. An anwsthetic is an added risk, though admittedly negligible, and an already quite large and space-consuming team and equipment is made larger by the anesthetist and his apparatus. I only ask for an anresthetist's help in children under 15 or so, or for unco-operative patients. Premedication is largely a matter of personal choice, but omnopon j gr. (20 mg.) is usually suitable. The patient should be starved for at least four hours and preferably have the procedure explainedto him on the previous day by the operator, to gain his confidence. A few c.c. of 1 % novocain is given as local anaesthetic.
Technique.-Lindgren (1947) has described the technique most comprehensively. The important factor is an experienced team used to working together. With regard to the actual puncture of the artery, Turnbull (1939) says: " Direct puncture of the common carotid artery is not a formidable procedure, but neither is it easy." Most operators do not feel the master of the artery until they have done about 50 cases, and after that the artery is the master only about once in 100 cases. Small children, whose necks are very short and whose carotids are very mobile, are the most difficult cases in my experience. The operation can suitably be performed on out-patients, but they should go to bed or rest for a few hours afterwards. The arterial puncture takes from a few seconds to many minutes, but usually not more than two or three minutes. Normal saline is then injected until one is ready for the radiographic exposure. 10 c.c. of contrast are injected and three pictures are taken at two second intervals. The patients experience a feeling of warmth in the distribution of the artery and they will indicate the exact area. Lateral pictures are usually taken first, then the tube is shifted into the antero-posterior position and the procedure repeated. This all takes about four or five minutes. If stereoscopic pictures are desired, two sets of laterals and anteroposterior views are taken, making the appropriate shift of the X-ray tube. No amount of stereoscopic views will substitute for views in two right-angled planes. Saline is injected again until one has seen the pictures and decided if further views are necessary. This takes another six or seven minutes, so that a case normally takes fifteen to twenty minutes in all. Supplementary projections such as oblique and basal views are taken if indicated.
After-effects.-A few patients feel sick and a small proportion of these are sick, but most have no after-effects at all, except a slightlv sore neck for a day or two. The vomiting is caused by the contrast drug and is also seen in intravenous pyelography.
The radiographic results.-The percutaneous results are better than the open method for various reasons. The most important is that once the needle is well in situ it is held firmly by the arterial musculature and the subcutaneous tissues-so firmly that the operator need not hold the needle all the time, only during the injection of the contrast. With the open method it is very difficult to keep the needle in the artery for any length of time. There are far less towels and paraphernalia around with the percutaneous method, so that accurate 'Diodone is the pharmacopeeial name for the diethanolamine salt of 3 : 5-diiodo-4-pyridone-Nacetic acid. It is marketed as Pyelosil, Glaxo. In the U.S.A. it is called Diodrast; in Scandinavia, Umbradil; and in Germany, Perabrodil. It is issued in three concentrations: 35, 50, and 70 %. The last should never be used for cerebral angiography, and the 50 % solution should be avoided if possible. This substance as used is harmless to the tissues and should not be confused with lodoxyl (Pyelectan; Uroselectan B), which is the disodium salt of N-methyl-3 : 5-diiodo-4-pyridone-2 : 6-dicarboxylic acid and is issued as a 75 % solution.
centring of the X-ray tube is much easier. Furthermore the patient is nearly always conscious -a great advantage.
Protection against radiation.-Careful protective measures against radiation striking the operator's fingers must be taken. This is particularly important when surgeons undertake the work, as their fingers are more valuable than those of other doctors, and they may not know that they have damaged their fingers until several years later.
THE SCOPE OF CEREBRAL ANGIOGRAPHY Anatomy.-A thorough understanding of the normal anatomy and variations is essential as a basis for arteriographic interpretation. This subject is not satisfactorily covered in the anatomy textbooks, mainly because it is more difficult to study cerebral arteries anatomically in the corpse than radiologically in the living being. A simple diagram made by Fischer ( fig. 1) indicates the main features and illustrates very clearly the importance of two views at right angles, lateral and antero-posterior. The main arteries, the internal carotid, anterior and middle cerebral, are indicated C1, C2....; A1, A2....; M1, M2....; respectively. This facilitates orientation particularly near the bifurcation of the internal carotid artery. It will be noticed that the termination of this artery and the origins of the anterior and middle cerebral arteries form a "T" (see C1, A1, and M1 in fig. 1 ). This "T" shape is important in the diagnosis of vessel displacement. The posterior cerebral artery is not included in the diagram, but it is filled from the internal carotid artery in about one-third of cases so it is an important vessel in carotid angiography. Further anatomical details can be obtained from Moniz' works.
Indicationsfor carotid angiography.-Some are clear cut, while the value of others depends upon judgment and experience. Vascular lesions of the brain must obviously be investigated primarily by angiography (see Table I (Table 1 , Groups C and D) is still in its infancy. Many tumours can be diagnosed by angiography (Table I, E), but pneumo-encephalography is frequently a better method. As things stand at present pneumo-encephalography is the method of choice in investigating mid-brain and posterior fossa lesions. Subarachnoid Ihmorrhage (Group A) is nowadays a clear-cut indication for angiography in just the same way that intravenous pyelography is indicated in cases of kvmaturia. Aneurysms are the commonest cause of subarachnoid hiemorrhage. Sometimes they can be localized clinically, while on the other occasions there are no localizing signs and bilateral angiography may be necessary. Negative angiograms do not necessarily exclude an aneurysm, even if a vertebral angiography is also performed and good filling of the basilar artery and its branches is obtainled. The explanation must be that some aneurysms do not fill with the contrast substance for some reason or another. The subject of aneurysms has been fully discussed by Jefferson in his writings in the Proceedings of this Society and elsewhere. (Jefferson, 1937 (Jefferson, , 1938 (Jefferson, , 1947 NOTE.-Owing to limitations of space only very few of the illustrations shown at the reading of the paper can be reproduced.
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Occasionally, instead of finding an aneurysm in a patient with a history of subarachnoid haemorrhage, one discovers an angioma (syn. arteriovenous aneurysm). The following case is an example: J. R., a woman aged 31, gave a history of four attacks of generalized severe headache associated with neck stiffness and backache on one occasion. These attacks had occurred over a period of six years and lunibar puncture showed blood in the cerebrospinal fluid on each occasion. After the last attack she was admitted under the care of Mr. Wylie McKissock. Physical examination showed some inco-ordination of the left arm. A systolic bruit was audible over the closed eyes, more marked on the right. Angiography showed a large angioma in the mid-line, apparently drawing its blood supply from both anterior cerebral arteries (fig. 2, A and B ). As is usual in these cases the blood flowed very rapidly through the angioma aand contrast material was seen in the large venous sinuses even in the arterial phase. In a normal case the large venous sinuses do not fill for three or four seconds after the arterial picture is taken.
I have no experience of the angiographic appearances in a tumour which has hemorrhaged (Group A, 3). Carotid thrombosis is not so rare as is generally supposed. Moniz says the possibility should be considered in any obscure case of hemiplegia. f have seen three cases in the last two years. There are two sites of election for the obstruction: (1) about one inch (2 5 cm.) distal to the bifurcation of the common carotid artery, and (2) adjacent to the anterior clinoid process where the internal carotid artery pierces the dura. The condition is often seen in younger people, unlike femoral arterial thrombosis which is usually seen in the late fifties or sixties.
An important point in the diagnosis is the necessity of showing enough of the neck on theradiograph so that the bifurcation of the carotid is seen, otherwise it can easily be assumed that the external carotid artery has been punctured, as it alone is seen on the radiograph. This difficulty may not be at all easy to overcome in short-necked individuals. Fig. 3 is an example of a thrombosis low in the neck, about one inch distal to the bifurcation of the common carotid artery. The patient was a woman aged 40.
1 have only seen one case of embolus-a block at the origin of the middle cerebral artery. Angiography has been little used in this country in cases of acute head injury (Table I , Group C), but Torkildsen (1946) claims to have found it useful.
Chronic subdural hamatoma (Group D) gives a well-known pathognomonic appearance in a frontal arteriogram, but few cases reach the radiologist as the surgeon usually establishes the diagnosis with a burr hole. f have had only one such case. A frontal picture is essential for the diagnosis. The middle cerebral vessels are seen to be pressed inwards from the inner table of the skull (fig. 4) .
Arteriovenousfistula at the cavernous sinus is a rare sequela to trauma and I have not had such a case.
SPACE-OCCUPYING LESIONS
Many intracranial expanding lesions can be diagnosed by arteriography and sometimes more positive information is given than by pneumo-encephalography (Table I , Group E).
Certain large aneurysms and angiomas are included in this group. Recently I saw a case, a woman aged 64, who had been seen by a very experienced neurologist. A diagnosis of olfactory groove meningioma was made and this appeared to be confirmed by ventriculography. The anterior horns of the lateral ventricles were pressed upwards in the characteristic manner. Exploration, however, revealed a large aneurysm of the anterior cerebral artery which was subsequently confirmed by arteriography.
TUMOUR DIAGNOSIS
It is now well recognized that angiography is very valuable in tumour diagnosis, for certain tumours are sufficiently vascular to outline themselves with the contrast substance. Furthermore tumours of different types have different vascular patterns. Thus one is able to diagnose not only the size, shape and position of a tumour, but also its pathology. There are also a large number of intracranial expanding lesions with relatively poor blood supply, but nevertheless they manifest themselves angiographically by the vascular displacement they cause. In such cases one cannot make a positive pathological diagnosis.
Modern methods of ventriculography enable one in nearly all cases to localize a tumour accurately and to describe to some extent its size and shape. Rather rarely, however, is one in a position to describe the pathology. Other advantages provided by angiography are (1) that the investigation does not usually upset the patient or interfere with the intracranial hydrodynamics and so immediate operation is not necessary, as with ventriculography, and (2) it is often easier to puncture the appropriate carotid artery than the appropriate lateral ventricle. Not infrequently ventriculography only gives a filling of the contralateral ventricle, as the homolateral ventricle is too squeezed and displaced for puncture. In such cases one only sees a shift of!.the septum lucidum away from the affected side, and so one can
give the surgeon no more information than he may have known clinically.
Generally speaking when a supratentorial tumour is suspected and can be lateralized fairly certainly clinically, or quite certainly by pineal shift, angiography should be undertaken before ventriculography. On the other hand unlateralized tumours are probably better itvestigated first by ventriculography as it is surely bad practice to perform "blind" angiographies, hoping that one is injecting the appropriate side.
With the object of trying to assess the relative merits of angiography and pneumoencephalography in supratentorial tumour diagnosis, Wickbom (1948) analysed all the tumour cases on whom angiograms were performed at the Serafimer Hospital, Stockholm, between 1934 and 1946. He collected 376 tumour cases out of about 1,500 angiographic examinations. I have tried to abstract his findings in Table II (see p. 890), and certain conclusions can be briefly discussed. In spite of the small number of cases in some groups the figures were convincing. For example, eight out of eight subfrontal tumours could be positively diagnosed. This is a finding one would expect when one considers that the proximal portion of the anterior cerebral artery is so adjacent to the subfrontal region, and thus easily liable to changes in shape from pressure below by all but the smallest of tumours. On the other hand only 50% of parasagittal frontal tumours could be diagnosed (13 out of 24). Wickbom explains this by stating that the pericallosal artery is relatively fixed and not easily depressed, while sometimes tumours grow around it and so do not depress it. Nearly all parietal and occipital tumours could be localized angiographically and some showed tumour vessels indicating their pathology. The same applies to temporal lobe tumours, but it must be remembered that Lindgren's (1948) classical monograph on the temporal horn showed that pneumo-encephalography was an exceedingly accurate method of diagnosis and frequently differentiated between intracerebral and extracerebral lesions.
Central, deep-seated, and supra-and para-sellar lesions were not very satisfactorily diagnosed by angiography, but aneurysms must always be excluded when considering lesions around the sella.
The conclusion to be drawn is that angiography and pneumo-encephalography are complementary to one another and often both investigations are necessary before the surgeon is provided with adequate information.
PATHOLOGY A study of Table I , E shows how the pathology of certain tumours can be diagnosed angiographically.
(1) Meningiomas.-Many of these tumours fill with the contrast substance in the arterial phase and often there is a lag before the tumour empties, so that a so-called "blush" is seen in the phlebograms (fig. 5 ). f have seen this blush persist for as long as twelve seconds after injection of the contrast. (Normally all the contrast has left the brain in five seconds.) Unfortunately all meningiomas do not show a blush and very occasionally malignant gliomas do. I have seen one such case. However, bearing this exception in mind, this sign is most valuable for the diagnosis of meningiomas.
(2) Malignant gliomas.-A large proportion of these tumours are known by pathologists to be very vascular and this feature is well shown angiographically. Classically one sees many small abnormal vessels having the appearance of minute arteriovenous aneurysms.
These vessels are sometimes best seen on phlebograms and for this reason, if for no other, the taking of phlebograms is necessary in angiography. Different writers vary in their opinions as to the frequency of the presence bf pathological vessels in malignant gliomas. This is probably partly due to the fact that only selected cases are submitted to angiography. Hemmingson (1939) found abnormal vessels in 23 out of 36 cases. When the characteristic pattern is seen it is very helpful to the surgeon and the patient may be saved a craniotomy.
However, too much reliance should not be placed on the angiographic interpretation of the morbid histology, for certain meningiomas may simulate gliomas very closely angiographically.as I have already mentioned. Therefore a biopsy is nearly always necessary to confirm the diagnosis.
(3) Metastases.-Certain metastases also show a characteristic angiographic pattern. Small arteriovenous aneurysms similar to tH;ose seen in malignant gliomas mav be present. Usually the periphery of a metastatic tumour is better outlined than that of a glioma. If multiple tumours are seen on angiography the diagnosis is virtually certain, as multiple meningiomas and multiple gliomas are very rare indeed.
(4) Avascular expanding lesions.--Here the term "avascular" implies that contrast-filled vessels are not to be seen on the radiograph in the situation of the tumour. Table I , E, 6 lists these types. They manifest themselves by vessel displacement. This is sometimes very difficult to diagnose, and increasing accuracy only comes with experience and a knowledge of the limits of the normal vascular patterns. The variations of normal are quite considerable, but this adds very much to the fascination of angiographic interpretation. Space does not permit any discussion of the classical vascular' displacements produced by tumours in various situations, but the frontal astrocytoma, mentioned at the beginning of the paper, which came to autopsy, will serve as an example and the photograph of the sectioned brain provides final proof of the site of the tumour.
The patient was a man aged 27 who had suffered from epilepsy for six years. For the last nine months he had had headaches in the right temporal region. For six months he had had diplopia and for two weeks noises in the left temple. Examination revealed chronic papilleedema, left proptosis and ptosis and diplopia.
A left arteriogram was performed and, as already mentioned, coma supervened two and a half hours afterwards, and the patient died the following day. Nothing was found at autopsy referable to the arteriography, but Broman and Olsson (1948) have found in rabbits that 50% and 70% contrast material cause a breakdown of the blood-brain barrier. It seems likely that this happened here, though 42-5%0 was the strongest contrast used, and as a result the brain, which was perhaps already cedematous, became more so and caused so much herniation of the uncus as to be incompatible with life. Fig. 6 shows the stretching of the anterior cerebral artery and its branches and a backward displacement of the anterior loop of the pericallosal artery. Fig. 7 shows the lateral displacement of the anterior cerebral artery and fig. 8 shows the tumour at autopsy. SUMMARY I must again stress the great importance of two right-angled views in nearly all angiographic studies. So often in the literature one finds that only lateral projections are taken.
One of the most important problems is to decide when angiography, pneumoencephalography or both are necessary in neurological diagnosis. There are certain clear-cut indications for each of them-angiography for vascular lesions of all kinds and pneumography for posterior fossa lesions. A rough rule for the investigation of supratentorial expanding lesions is that tumours near vessels show better by angiography and those near the ventricles by pneumo-encephalography. There are some exceptions to this rule, notably that the pericallosal artery is fairly fixed and is resistant to pressure; also a few tumours grow around the vessel without displacing. it. Let us remember that normal ventricles are much more constant in size and shape than normal arteries, which show considerable variations and can mislead the most experienced observers. The slightest displacement of the ventricular system may enable accurate localization to be made: such as half a centimetre shift of the temporal horn. The same cannot be said of the arteries. However, even when arteries are not displaced an exact diagnosis can be made if tumour vessels are filled. Further, if vessels are stretched but not displaced, the abnormality can be diagnosed as one's experience grows. Thus it is obvious that the two methods are complementary to one another. Generally speaking if straight X-rays or clinical or electro-encephalographic signs lateralize a tumour, arteriography should be undertaken first. In my view another important point is that one should avoid upsetting the intracranial hydrodynamics when they are known to be abnormal (ophthalmoscopyand straight X-tays tell us this) and lumbar puncture can be very dangerous in this respect, while angiography is usually not so.
Blind bilateral angiography, except for an unlocalizable source of subarachnoid hemorrhage and occasional other cases, is not good practice. Now that practically no tube or even solid organ of the human body is immune from the assault of radiologists it behoves us to be doubly careful in using our weapons intelligently. We should try to avoid firing all our big guns in a blind salvo at once, but use them strategically and seek to obtain the maximum effect with the minimum expenditure of ammunition. TABLE II.-376 CASES 1934 -1946 (Abstracted from I. Wickbom's monograph "Angiography of the Carotid Artery") Doubtfuls Tumour and
